The work reported in this paper agrees with that of Kahn in confirming the findings of Herter and Simonds.. Additional evidence is presented which suggests a somewhat different interpretation of the findings. EXPERIMENTAL B. Welchii spore counts. The characteristic stormy fermentation produced in milk cultures by B. Welchii was chosen as the means of determining the number of spores, and the method used was essentially a modification of one devised by Simonds (2) .
Method. The sp2cirnens were collected in the wards and brought to the laboratory. All watery and enema stools were discarded. Approximately all of the stool was broken up in a glass beaker in 500 cc. of freshly prepared 0.9 per 72 cent salt solution by means of a glass rod. One hundred cubic centimeters of the emulsion were placed in a bottle, tightly corked and shaken vigorously in a shaking machine for 30 minutes. Another 100 cc. were transferred to a tared evaporating dish, dried first on a steam bath and then in a desiccator, and weighed. The shaken emulsion was filtered through 10 thicknesses of sterile gauze to remove gross particles, and approximately 10 cc. transferred with a sterile pipette to the bottom of a sterile test tube measuring 250 x 27 mm. The upper half of the tube was heated very hot in a Bunsen flame to eliminate accidental contamination. The tube was then immersed, at least to half its length, in a water bath at 80°C. for 20 minutes, thus destroying all vegetative forms of bacteria. One cc. of the heated emulsion was then transferred to a 250 x 27 mm. tube containing 9 cc. of sterile 0.9 per cent salt solution and another 1 cc. to a 150 x 16 mm. tube containing about 10 cc. of sterile skimmed milk, which had just previously been heated in an Arnold sterilizer at 100°C. for 10 or 15 minutes. With a fresh pipette the 10-1 dilution was thoroughly mixed by blowing, and similar transfers made. Dilutions were carried often as high as 10-10. In cases with known high spore counts cultures of the lower dilutions were usually omitted.
The milk cultures were placed immediately in a Brown (13) anaerobic jar, anaerobiosis established, and the jar placed in the incubator at 37.5TC. After 3 days incubation the jar was opened and those tubes were called positive which showed typical stormy fermentation with an odor of butyric acid and disclosed in stained smears Gram positive bacilli morphologically resembling B. Welchii. Occasionally coagulation of the milk occurred with or without a moderate number of gas bubbles. In such instances 1 cc. was transferred to a fresh milk tube and incubated as above, on the assumption that, if too few B. Welchii were present in the original sample to produce stormy fermentation, a sufficient number would be present in the transfer to bring about a definite result. If only coagulation with or without a few gas bubbles occurred after 3 days incubation in the subculture the tube was considered to be negative. Smears joqtunu ano I such an instance the first negative tube was regarded as the last positive, on the assumption that the one spore, or "K" spores, necessary to cause stormy fermentation had by chance been carried over into the next dilution.
To compensate for the varying water content of the stool, the results can be expressed, as suggested by Simonds, as "spores per gram dried stool." The calculation is simple, for example:
10-' -last positive culture 2.5 grams = weight dried stool in 100 cc. emulsion 100 X 10 = 40,000,000 = spores per gram dried stool 2.5
In table 1 are tabulated the spore counts in stools from 11 cases of pernicious anemia, 8 cases of miscellaneous disease, and 6 normals. Fifty-four individual counts were made on the 11 cases of pernicious anemia. The averages for all counts in each group are 46,000,000, 3400 and 240 per gram of dried stool respectively. These figures confirm the findings of previous workers, namely, that B. Welchii spores are markedly increased in stools from cases of pernicious anemia.
Simonds (2) found that B. Welchii spores in stools from normal individuals were greatly increased during diarrhea. For this reason objections might be raised as regards the reliability of the results because of the varying water content of the stools. As previously stated, all diarrhea stools and enema stools were discarded. It seemed to make no difference whether the stools were semisolid or formed. For example, in case 2, the samples described as formed gave counts ranging from 1,100,000 to 1,200,000,000 and those described as semisolid gave counts varying from 200,000 to 260,000,000.
As the period of time from passage of the stool to dilution varies from 1 to 9 hours it is conceivable that this might have considerable influence on the results. One might expect an increase in the number of spores as the interval was prolonged. As a matter of fact, in 6 of the 9 cases of pernicious anemia in which two or more specimens were examined the average of counts with long intervals was somewhat lower than that of those with short intervals.
If the disease, pernicious anemia, is caused by chronic intestinal infection with B. Welckhii, and if the spore counts are indicative of the numbers of vegetative or active forms of the bacillus, one would expect to find high counts during relapses and low counts during 79 remissions, particularly as Kahn and Torrey (11) have shown experimentally that the blood changes in monkeys following intravenous injection of B. Welchii toxin are rapid. In cases 4 and 10 such a relation seems to exist. In the former there is a marked decrease coincident with clinical improvement, whereas in the latter the reverse is true. In cases 6 and 7, however, the highest counts are found during periods of relative or absolute remission, and the lowest counts during periods of relative or absolute relapse. These findings seem to indicate that there is no definite relation between the spore counts and the clinical condition of the patient.
In the first three cases an attempt was made to produce clinical improvement by the administration of kaolin, on the assumption that pernicious anemia might be due to chronic intestinal infection with B. Welchii. Walker (14) states that kaolin, as a spray, has been used successfully in Germany in the treatment of faucial diphtheria, and, by ingestion, has been employed for ptomaine poisoning and dysentery; Braafladt (15) showed that kaolin is capable of rendering inocuous appreciable amounts of dysentery, botulinus and diphtheria toxins in vritro; and Eyre (16) observed that large amounts of diphtheria and dysentery toxins are removed by filtering through kaolin filters. Braafladt also found that B. Welchii spores could be eliminated from normal stools by feeding kaolin, although the importance of the observation is somewhat diminished by the fact that the maximum amount cultured was only equivalent to approximately 0.0001 gram dried stool. Kaolin was given daily, just before retiring, in 30 gram amounts in orange juice. In this series treated with kaolin, cases 1 and 3 showed a decided reduction in the number of spores. In case 2 treatment had little if any effect. The typical clinical course of the disease was apparently not influenced in the slightest by the spore reduction in cases 1 and 3. In the routine cultures of stools from diseases other than pernicious anemia several spore counts were made on 2 cases of relatively mild secondary anemia. All The results of the vegetative counts are given in tables 1 and 2. The average of 36 stools from cases of pernicious anemia was 1000 X 106 and of 3 stools from cases of gastric achylia 1100 X 106. Counts of six normal stools averaged 2400 X 106. In the 39 pernicious anemia and achylia specimens there were only 3 giving counts higher than 1700 X 106, whereas in the normals 3 out of 6 were higher than this figure. Undoubtedly many of the organisms counted were dead. This applied, however, to both sets of figures, and furthermore, even though the bacilli were dead, the count would seem to be indicative of the Furthermore, in unsterilized fecal suspensions known to contain B. Welchii, and to which were added 1.0 per cent of various fermentable sugars (lactose, maltose and saccharose), B. Welchii spores were not found provided the final acidity was greater than 4.0 per cent. Expressed in terms of hydrogen ion concentration it will be found that a 10 per cent fecal suspension adjusted to 1.0 and 4.0 per cent acid (normal HCl), using phenolphthalein as an indicator, will have a pH of approximately 7.5 and 5.0 respectively. Cannon (17) , in his studies on normal persons and rats, observed that a diet relatively rich in carbohydrates results in an aciduric fecal flora with an accompanying decrease or absence of B. Welchii spores. Cannon and McNease (18) studied the reaction and flora of the cecum and colon of white rats on meat and on meat and lactose diets. On the former diet the intestinal contents were foul in odor, had a pH of 7.0-7.1 and contained a flora predominantly proteolytic, forming gas in deep Viellon tubes of whey agar. When lactose was added to the diet. the offensive odor disappeared, the acidity of the contents increased (cecum = pH 4.5 and colon = pH 5.7), the flora became predominantly aciduric and the Viellon tubes usually showed no gas production. A corresponding increase in acidity of the cecal and colonic contents accompanied by a shift from proteolytic to aciduric flora was observed in white rats by Hudson and Parr (19) , when a diet rich in carbohydrates was substituted for one containing meat.
By feeding kaolin Braafladt (15) brought about a similar shift from the normal proteolytic flora of man and dogs to a flora of the aciduric type accompanied by a marked quantitative decrease in B. Welchii spores. Hines (20) , in studying the intestinal flora in diarrhea noted a marked increase of B. Welchii spores in the diarrheas characterized by a proteolytic flora, and either an absence (2 cases) or a normal number (1 case) of spores in those with an aciduric flora.
The various observations mentioned above would seem to indicate that the reaction of the gastro-intestinal contents is an important factor in B. Welchii spore formation. In conditions accompanied by an aciduric flora and by an increase in acidity of the intestinal contents there is a marked decrease in the number of B. Welchii spores. may be secondary to the achylia, i.e., the result of changes in reaction favorable to sporulation brought about in some portion of the gastro-inltestinal tract by the absence of normal gastric juice.
Very little is known concerning the reaction of the content of the normal small intestine. Some of the standard text books state that it is slightly alkaline and others that it is acid. The average of 9 electrometric determinations in 3 normal subjects by Long and Fenger (21) , which were made within 6' hours after normal meals and when the tip of the Rehfuss tube was shown by x-ray to be beyond the duodenal-jejunal junction, was pH 5.83. Apparently no precautions were taken, however, against loss of CO2 in transportation of the specimens from the clinic to the laboratory, and measurements were made in a type of electrode (Hasselbalch) which would further tend to dilute the CO2 content. Above pH 5.5 such a loss would undoubtedly decrease the acidity. The most accurate observations are those of McClendon, Bissell, Lowe and Meyer (22) . Two normal subjects (age about 25) were studied for a period of 4 days. The Rehfuss tubes swallowed were 7 feet in length and eventually (on the fourth day) reached about the midportion of the jejunum. Twelve samples were removed from 1 to 3 hours after ordinary meals. The average acidity was pH 5.2 with a maximum of pH 4.1 and a minimum of pH 6.5. Measurements made on the fourth and fifth days, i.e., after the tubes had nearly reached the maximum depth, averaged somewhat higher (pH 5.4) than those made on the first two days (pH 4.8). All measurements were made electrometrically and loss of CO2 was prevented. From the above data it seems logical to assume that normally the contents of the small intestine, at least as far as the midportion of the jejunum, are decidedly on the acid side of neutrality-a reaction unfavorable to the formation of B. Welchii spores.
The chief contribution to the acidity of the upper intestinal contents must be the gastric juice, which normally is usually considered equivalent to 1500 cc. of N/IO HC1 per day. The pancreatic juice is strongly alkaline, the intestinal juice somewhat less alkaline, and bile slightly alkaline. In conditions of achylia it is difficult to conceive of the reaction of the upper intestinal contents as being anything but alkaline. In the normal gastro-intestinal tract it seems probable that the gastric juice and the acid by-products of digestion 87 are sufficient to keep the reaction of the intestinal contents on the acid side of neutrality as far as the lower ileum, and possibly the cecum. The reaction is such that spore formation can not occur to any marked degree until the colon is reached. In conditions of achylia, however, spores may be formed not only in the large intestine, but also in the small intestine.
The importance of the normal secretion of gastric juice in determining the flora of the small intestine has been recently emphasized by Bogendorfer (23) and by Arnold and Brody (24) . The former was able to recover B. coli and B. Welch'i from the contents of the upper small intestine (tube length 2.0-2.5 meters) in cases of anacidity and gastric achylia including 2 cases of pernicious anemia, whereas those organisms were never found in cases with normal gastric secretion. The latter have reported a series of experiments on dogs in which the bacterial flora of the duodenum and upper jejunum has been shifted to resemble that of the ileum and colon by changing the normal reaction (pH 5.0-6.0) to neutral or slightly alkaline (pH 7.0-8.0). Van (26) have demonstrated-appreciable amounts of tetanus antitoxin in the serums from human beings harboring spores of B. tetanus in their gastro-intestinal tracts and from guinea pigs which have been fed large amounts of tetanus spores, and they remark that in the latter, although the tetanus bacillus is known to produce powerful hemolysins, no ill effects were noted. If pernicious anemia were due to continued absorption of B. Welchii toxin from the gastro-intestinal tract one would expect to find the tissue cells active in antitoxin production. Failure in certain individuals to produce antitoxin, either because of inherent inability or possibly toxin hypersusceptibility, might result in the development of severe anemias. In such an instance one would expect to find a relatively low concentration of B. Welchii antihemolysins in the serum, and probably a marked reaction following intradermal injection of B. Welchii toxin. Preliminary experiments indicate that the toxin neutralizing properties of the serums and the skin reactions of individuals suffering from pernicious anemia are essentially identical with those of normal individuals. These investigations have not been carried out in sufficient detail to warrant inclusion in the present paper.
The abnormal flora of the small intestine, secondary to the gastric achylia, may very possibly result in changes in the gastro-intestinal tract which eventually lead to the disease, pernicious anemia. Weinberg (27) believes that true achylia gastrica (not achylia secondary to chronic gastritis) is an hereditary condition, and that the individuals born with achylia gastrica are the ones in whom pernicious anemia may eventually develop. Many other investigators, however, are opposed to the idea, and it does seem quite unusual that the development of pernicious anemia should be deferred so many years. 
